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Introduction
Diffuse idiopathic skeletal hyperostosis (DISH) or Forestier disease involves hyperostosis of the spine and may present in a variety of ways. The prevalence of DISH is quite variable and ranges between 2.9 and 28%. 1,2 Some authors do not consider the condition a disease, but rather an incidental radiographic finding. 3, 4 The literature does not set a standard for diagnosing or treating DISH.
Cervical spinal osteophytes are estimated to affect 10 to 30% of the general population; however, the bony outgrowths tend to be largely asymptomatic. 5 When hyperostosis involves the anterior margin of the cervical vertebrae, the osteophytes can cause dysphonia, dyspnea, and/or dysphagia. We report two cases of surgical treatment for dysphagia secondary to cervical hyperostosis and discuss the pertinent literature.
Case Reports Case One
A 61-year-old man was referred for the evaluation of multilevel cervical spondylosis as well as a large anterior osteophyte impinging on the esophagus. His past medical history included appendicitis, gastroesophageal reflux disease, gout, and hyperlipidemia. The patient reported a 2.5-year history of dysphagia involving episodes of "choking" and aspiration that progressively increased in frequency. A speech pathologist initially diagnosed the patient with swallowing abnormalities. Concomitantly, the patient reported severe neck and shoulder pain, which prompted further workup. Noncontrast cervical computed tomography (CT) showed a large osteophyte formation, spanning from C3 to C6 anteriorly with the largest osteophyte at C4 impinging on the esophagus as well as C3-C4 mild anterior cord compression (►Fig. 1). Because
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his neurologic examination was normal, only an anterior cervical osteophytectomy was performed. Bone wax was applied to the anterior walls of the vertebral bodies to reduce regrowth of the osteophytes. Three months postoperatively, there was no improvement in swallowing; however, at 6 months, his dysphagia was markedly improved with minor difficulty swallowing solid food. At 36 months, he reported complete resolution of his dysphagia, and the imaging revealed no evidence of osteophyte regrowth (►Fig. 2).
Case Two
A 70-year-old man was referred for a surgical evaluation for progressive dysphagia, neck pain, right proximal and distal upper extremity weakness (4 þ /5), and urinary retention. Past medical history included Parkinson disease, coronary artery disease, gastroesophageal reflux disease, and depression. He had chronic left vocal cord paralysis for 20 years, dysphagia associated with weight loss, and dysphonia. Strobovideolaryngoscopy and dynamic fluoroscopic swallow studies revealed cervical osteophytes causing mechanical dysphagia; from a neurologic standpoint, his swallowing was intact. The cervical radiographs and CT scans displayed anterior cervical osteophyte growths from C2 to C7 with the largest portions between C4 and C6 (►Fig. 3). The magnetic resonance imaging showed multilevel cervical spinal stenosis with spinal cord and nerve root compression. He had a percutaneous endoscopic gastrostomy tube placed due to his severe dysphagia. He had anterior C3-C7 osteophytectomy, diskectomy, and instrumented arthrodesis. A thin layer of bone wax was applied to the anterior wall of the vertebral bodies from C3 to C7. A posterior decompressive laminectomy and C3-T3 instrumented arthrodesis was performed without aggressive measures to correct the sagittal balance due to the patient's comorbidities and underlying osteoporosis. Immediate postoperative X-rays showed no significant residual osteophyte, and 1-year postoperative X-rays showed no evidence for additional osteophyte formation (►Fig. 4). Although this patient's dysphagia may have been secondary to Parkinson disease and extensive pharyngeal weakness, 8 months after surgery, the patient reported no difficulty swallowing; however, dysphonia was unchanged. At 13 months, the patient had improved arm strength with residual neck pain and bilateral hand numbness. Although there was no evidence of instability on flexion/extension films at 13 months, the persistent neck pain may have been due to positive sagittal balance seen on postoperative imaging (►Fig. 4B).
Discussion
Symptomatic degenerative changes of the cervical spine affect $75% of the population above 60 years of age. 6 The reported prevalence of DISH varies, ranging from 3 to 30%. 5, [7] [8] [9] The radiographic diagnosis for DISH proposed by Resnick and Niwayama 10 (also known as the Resnick criteria) is comprised of the following three criteria: (1) the presentation of flowing calcification and ossification of the anterolateral aspect of four contiguous vertebral bodies, (2) preservation of intervertebral disk height in the involved segments without radiographic changes of degenerative disk disease, and (3) absence of intervertebral or apophyseal joint ankylosis and degeneration, sclerosis, or intra-articular osseous fusion. Despite the Resnick criteria, the precise diagnosis of DISH continues to be debated. 11 One obvious problem with the Resnick criteria is that most of the older patients have significant degenerative changes involving the disks.
Some authors refer to the dysphagia secondary to DISH as DISHphagia, 12, 13 which typically begins with difficulty swallowing solids and progressing to liquids. 5 This condition has the potential to be detrimental to one's health and quality of life, especially in cases of undesired weight loss, malnutrition, and/or aspiration. 5 There are several theories to explain dysphagia: (1) physical obstruction of the esophageal lumen;
(2) growth where the esophagus is anatomically anchored;
(3) stenosis of the esophageal lumen from inflammation or muscular spasms due to friction between the bone spurs and soft tissue; (4) restricted motion of the epiglottis and larynx; (5) narrowing of the pharynx wall resulting in food retention. 14 Dysphagia from hyperostosis is most commonly associated with anterior osteophyte formation of C3-C5, likely due to the fact that the normal epiglottic tilt lies over the laryngeal inlet at this level. 9, 13, 15 However, cases of dysphagia have been reported to occur due to protrusion in the thoracic regions as well. [16] [17] [18] Because most cases of Forestier disease remain asymptomatic, some authors consider the skeletal abnormalities as radiographic findings rather than a disease. 19, 20 Thus, it is difficult to confirm the actual prevalence of DISHphagia. Despite the variable prevalence, there are increasing numbers of case reports in the literature demonstrating dysphagia secondary to DISH. 6, 9, 13, 21 
Etiology
The first systematic review of the literature for DISHphagia by Verlaan et al analyzed 204 cases. 9 Two important trends were elucidated: (1) the major affected vertebrae were C3, C4, and C5; (2) the male-to-female ratio was 2:1. Of note, patients treated for dysphagia have been primarily male (►Table 1). The natural history pertaining to the risk factors remains unknown.
A wide range of factors for DISHphagia has been proposed, but definitive associations have yet to be made. These include trauma, vitamin A exposure, and metabolic and endocrine factors. 4 In the recent literature, the strongest correlation with DISH is sex and age. 9 It is interesting to note that there is no conclusive correlation between the osteophyte size and symptoms; however, older age has been correlated with more severe symptoms. 6 Because life expectancy is increasing, the prevalence of DISHphagia may also increase in the coming decades. 9, [22] [23] [24] It has been suggested that type 2 diabetes mellitus, hyperuricemia, and dyslipidemia are all risk factors for DISH. 25 Obesity and type 2 diabetes mellitus have been hypothesized to increase several growth factors and inflammatory mediators, which lead to proliferation of osteoblasts and eventually bone deposition. 9 In a study by Littlejohn and Hall, males over the age of 45 with gout were more likely to have DISH when compared with a control group (43% versus 8%). 26 One potential explanation is that hyperinsulinemia has been demonstrated in patients with DISH and gout. Insulin is thought to be a potential anabolic agent in bone. 27 As a result, endocrine imbalance and subsequent osteoblast proliferation may be altered.
Osteoblast proliferation is maintained by several growth factors and not limited to those in bone. Growth hormone induces local production of insulin-like growth factor-1, which in turn stimulates alkaline phosphatase and type-2 collagen activity in osteoblasts. Denko and Malemud found that DISH patients tend to have higher insulin and growth hormone levels. 25 The osteoblast growth may be due to the actions and elevation of these hormones. 28 Hypervitaminosis A has also been commonly suspected as an underlying risk factor for hyperostosis. Wendling et al reported three cases of DISHphagia in which high levels of vitamin A were the only observable abnormalities. 29 Our patients did not have hypervitaminosis A. Nonetheless, retinoids and other exogenous supplements of vitamin A are well known to cause bone anomalies, including skeletal hyperostosis. 30 Although DISH is not believed to be a genetic disease, a recent study suggested that alterations in gene expression might play a role in this type of hyperostosis. The Dickkopf-1 (DDK) gene is involved with the Wnt pathway that regulates bone formation and regeneration. Recently, low levels of DKK-1 have been linked to cases of severe ossification. 31 This link is substantiated by our current understanding that DKK-1 plays an inhibitory role on osteoblast proliferation and osteoclast suppression. 11 In cases of low DKK-1 status, unobstructed osteoblastogenesis may contribute to skeletal hyperostosis.
Diagnosis
Initial evaluation of dysphagia involves imaging studies (X-ray, CT, and/or magnetic resonance imaging) to study anatomic abnormalities. Although the larynx is noted to be C3-C4, dysphagia from cervical osteophytes has ranged from C3 to C6 (►Table 1). Although clinical symptoms have been to some extent dependent on the size of the osteophytes, there does not appear to be a direct correlation between the size and the severity of dysphagia. 6 Further evaluation by specialists in neurology, otolaryngology, and/or speech therapy is helpful to rule out other pathologies. The literature does not set a standard for diagnosis. Therefore, more invasive diagnostic tests such as barium swallow, nasal endoscopy, esophagram, and videofluoroscopic studies are also useful for visualizing potential mechanical obstruction. 7, 14 Functional endoscopic evaluation of swallowing should be performed to rule out other potential causes. 32, 33 If the radiographic images confirm severe anterior cervical osteophyte formation and there does not appear to be any other explanation for the dysphagia, the patient may be a candidate for conservative treatment or surgical resection. 10
Treatment
Initially, the dysphagia may be treated nonsurgically with dietary restrictions, speech and swallow therapy, anti-inflammatory medication, steroids, muscle relaxants, and antireflux medication. 14, 34 These methods are most effective in patients with osteophyte-induced inflammation, pain, or muscle spasms. 14 Although conservative methods may offer temporary relief in patients affected by dysphagia, long-term treatment often is difficult due to its poorly understood etiology. Severe cases of dysphagia may lead to unintentional weight loss, dyspnea, dysphonia, and/or aspiration. 5 There has yet to be a study that compares the efficacy of conservative and surgical treatments 9 ; however, the literature suggests that osteophyte resection is considered to be highly successful when conservative methods fail. 14, 21, [35] [36] [37] A significant improvement in symptoms was more frequently seen with surgical treatment than with conservative treatment. 9 It should be noted that in $10% of surgical cases, serious complications such as vocal cord paralysis, stroke, hematoma, Horner syndrome, infection, and pharyngocutaneous fistula can occur. 34 Interestingly, postsurgical recurrence of osteophytes in DISH has also been reported. Miyamoto et al showed that 10 to 11 years after the initial surgery for anterior cervical osteophytes, the osteophytes recurred and dysphagia developed in two of the seven patients. 21 Nevertheless, surgical intervention should be considered if a patient experiences clinical and/or radiographic progression despite conservative measures.
In both cases, osteophytectomy was completed after they had failed nonoperative measures. In both cases, the patient had delayed resolution of dysphagia without significant regrowth of the osteophytes at the latest follow-up. Application of a thin layer of bone wax over the osteophytectomy sites may impede osteophyte formation.
Conclusion
DISH is a generally asymptomatic phenomenon; however, in severe cases of dysphagia, surgical osteophyte resection may be appropriate. Although multiple risk factors have been addressed in the literature, the sample size for many reports is too small to be conclusive. Further natural history and prospective surgical and conservative treatment studies are necessary to determine the etiology as well as efficacy and longevity of treatment.
